Marine-derived amorphous organic matter dominates hemipelagic and trench sediments in and around the Middle America Trench. These sediments contain, on the average, 1% to 2% total organic carbon (TOC), with a maximum of 4.8%. Their organic facies and richness reflect (1) the small land area of Guatemala, which contributes small amounts of higher land plant remains, and (2) high levels of marine productivity and regionally low levels of dissolved oxygen, which encourage deposition and preservation of marine organic remains. These sediments have good potential for oil but are now immature. For this reason, gaseous hydrocarbons like the ethane identified in the deep parts of the section, as at Sites 496 and 497, are probably migrating from a mature section at depth. The pelagic sediments of the downgoing Cocos Plate are lean in organic carbon and have no petroleum potential.
INTRODUCTION
As part of an ongoing program of organic geochemical studies of sediments recovered by the Deep Sea Drilling Project, we have analyzed the types, amounts, and thermal alteration indices of organic matter collected from the Pacific continental margin of Guatemala on DSDP Leg 67 ( Fig. 1 ; Table 1 ). The samples were pieces of core frozen aboard ship. Four of the samples were analyzed by pyrolysis (Table 3) , and two for heavy C 15 + hydrocarbons and nonhydrocarbons (Table 4) , to find out if they were derived from marine or land plants and to determine their hydrocarbon potential.
The samples come from three main depositional environments-the continental slope, the Middle America Trench, and the Cocos Plate seaward of the trench (Fig.  1 ). This transect across the trench is the second of a pair, the first of which was made off Acapulco on Leg 66. According to von Huene, Aubouin, et al. (1980) , the pre-Pliocene pelagic deposits that cover the Cocos Plate extend beneath the Middle America Trench as far as the foot of the continental slope. Beneath the slope their age-equivalent deposits are distal hemipelagic sediments. Both sequences are buried by rapidly deposited Pliocene/Pleistocene hemipelagic sediments or, in the trench, by turbidites.
As in Leg 66, our main objectives were to find out how much organic matter was being deposited; to establish whether it was from marine or terrestrial sources; to determine what controlled its deposition; to estimate its potential for hydrocarbon generation; and to compare and contrast the sedimentation of organic matter here with that on other Pacific margins.
TYPE AND AMOUNT OF ORGANIC MATTER
We treated the samples with dilute HC1 to remove calcium carbonate, then measured their total organic carbon (TOC) content with a LECO analyzer (Table 1) .
Using the classification scheme of Masran and Pocock (1979) (Table 1) , we visually identified the different types of organic matter on slides prepared as described by Staplin (1969) . Averages of organic richness (TOC) and organic matter type for different facies are presented in Table 2 , with the same information from Leg 66 included for comparison.
Deep Sea Pelagic Facies
The deep sea pelagic carbonates found beneath hemipelagic and trench sediments at Sites 495, 499, and 500 have almost no organic matter (avg., 0.05% TOC: Table  2 ). Off Mexico, an equivalent facies deposited somewhat more rapidly is also carbon poor, containing an average 0.08% TOC (Summerhayes and Gilbert, in press ). Low TOCs like these are typical of very slowly accumulating pelagic sediment, because at slow rates of sedimentation benthic organisms and bacteria recycle and decompose almost all except the most refractory organic matter (Aizenshtat et al., 1973) .
Hemipelagic Oceanic Facies
On the Cocos Plate (Site 495), the deep sea pelagic facies is buried by a hemipelagic facies representing overflow deposits from the Middle America Trench (von Huene, Aubouin, et al., 1980) . The equivalent deposits off Mexico were called "trench deposits" by Summerhayes and Gilbert (in press). In both areas, this sedimentary facies contains moderate amounts of organic matter, but has quite different organic facies 2 (Tables 1 and  2 ). The Guatemalan trench samples are dominated by amorphous organic matter, whereas their Mexican equivalents are rich in land-derived plant remains (Tables 1  and 2 ).
Trench Fill Facies
The trench fill facies consists of the turbidites that fill the Middle America Trench. This facies was not samAubouin, J., von Huene, R., et al., Init. Repts DSDP, 67: Washington (U.S. Govt. Printing Office).
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Distal Slope Facies
The older sediments at Site 494, near the base of the slope, constitute a distal slope facies that was deposited more slowly and farther from shore than either its landward lateral equivalents or the younger sediments at this and other Leg 67 slope sites (von Huene, Aubouin, et al., 1980) . We analyzed only one sample of this sedimentary facies (Tables 1 and 2 ). Its composition is almost identical to that of samples of the trench and hemipelagic oceanic sedimentary facies. In the absence of more analyses, we cannot regard as significant the slight differences in the assemblage of organic matter between these deposits. As is the case for the hemipelagic oceanic facies, the distal slope facies has much more amorphous and less terrestrial organic matter than found in comparable sediments off southern Mexico (lower-middle slope sediments) ( Table 2) .
Proximal Slope Facies
The younger sediments at Site 494 and all upslope samples (Sites 496, 497) have a more proximal facies than that found at the base of the section at Site 494 (von Huene, Aubouin et al., 1980) . This sedimentary facies contains the most organic matter (2% TOC on the average) and has a slightly larger amount of terrestrial organic material than do the other sedimentary facies off this coast (Tables 1 and 2 ). In many respects the proximal slope facies is very similar to the upper slope sediments of southern Mexico but has more amorphous and less terrestrially derived organic matter (Table 2) .
CHEMICAL DATA
Four samples were analyzed by pyrolysis (Table 3 ); techniques like those described by Hunt (1979) were used. Pyrolysis determines the likelihood that a given Note: Q = Quaternary; LP = lower Pliocene; UP = upper Pliocene. sample will yield oil or gas and whether the potential for doing so will be good or poor (Table 3) . Two of these four samples were analyzed also, by methods described by Mclver (1972) , for the heavy C 15+ hydrocarbons and nonhydrocarbons in the extractable bitumen fraction (Table 4) . Using both the TOCs (Table 1 ) and the bitumen data we can make another evaluation of the oil and gas potential (Table 4) . Apart from potential, these data also tell us something about the nature of the organisms from which the sedimentary organic matter was derived. The remains of marine plants are usually oil prone, those of the higher land plants are gas prone, and spores and pollen may yield both gas and oil (Hunt, 1979) . Most of the samples that we analyzed chemically are oil prone (Tables 3 and 4) , which implies that the amorphous material that dominates these sections is largely derived from the remains of marine organisms. 
THERMAL ALTERATION AND HYDROCARBON POTENTIAL
None of the samples that we analyzed had thermal alteration indices higher than 1 + , so we consider them to be immature (Table 1) . Thus although the chemical data indicate good potential for oil generation, this potential has not been realized in the drilled sections represented by our samples. The lack of maturation explains the virtual absence of ethane and the higher gaseous hydrocarbons here (von Huene, Aubouin, et al., 1980) .
DISCUSSION
The sediments of the Guatemalan continental margin have an amorphous-dominated organic facies derived largely from the remains of marine organisms. The contribution of land-derived plant remains is less than in similar sediments from the same geological settings off the southern margin of Mexico (Table 2 ).
An obvious difference in Quaternary sedimentation between the two areas is that the rate of sedimentation is about 50% slower off Guatemala than off Mexico, reflecting both the small size of landmass and the limited extent of drainage basins. We suggest that this difference in sedimentation rate may also be associated with (1) changes in the ratio of marine to terrestrial organic matter deposited or (2) changes in the proportion of organic matter that is converted to amorphous material. Because of the differences in land area, the ratio of marine/terrestrial organic matter supplied to the bottom may be lower off Mexico than it is off Guatemala. Alternatively, the ratio may be the same, but bacterial activity at the slower rates of sedimentation typical of Guatemala may more effectively convert structured terrestrial organic materials to amorphous organic matter.
Regardless of the difference in type of organic matter, the TOCs remain about the same in the two areas (Table 2) . Either this is because of a fortuitous similarity in the supply ratio of organic matter to mineral grains or it may reflect the scavenging efficiency of benthic organisms and bacteria (that is, these organisms may cease to decompose and remove organic matter at these rates of sedimentation when the ratio of organic matter to mineral grains within the sediment corresponds to about 1% to 2% TOC). We do not know the answer.
Compared with the margins of Japan, where terrestrial plant remains predominate and TOCs are low, the sediments of the margins of California, Mexico, and Guatemala are all enriched in organic matter, much of which is marine-derived and amorphous. We consider that this regionally consistent pattern reflects (1) the exceptionally high productivity typical of the areas of upwelling that characterize the American coasts in middle and low latitudes (Lisitzin, 1972) and (2) the consequent extreme depletion in oxygen in subsurface waters off the western Americas (Kester, 1975) . The high productivity explains why marine-derived organic matter should be abundant in these areas; the oxygen deficiency promotes the preservation of this material once it has been deposited (Calvert, 1964; Demaison and Moore, 1980; Summerhayes and Gilbert, in press ). Productivity is much lower and oxygen concentrations are much higher off Japan, where only small amounts of refractory terrestrial components remain to be incorporated into the sediment (Gilbert et al., 1980) . The high productivity of the eastern side of the Pacific has led to the development of reducing conditions and consequent preservation of large amounts of organic matter (more than 4% TOC) within the oxygen minimum zone off Mexico and California (Gilbert and Summerhayes, 1981 and in press) . At first glance, because most TOCs are less than 4% off Guatemala (Table  1) , it seems that there may not have been a well-developed oxygen minimum off this coast. However, these deposits are all from sites deeper than 2000 meters, whereas the oxygen minimum is best developed (that is, most reducing) at depths of 300 to 1500 meters (Kester, 1975) . The rich sample at 195 meters sub-bottom depth at Site 497 (TOC = 4.82%) may be a slide mass from an upslope oxygen minimum zone that is reducing. The same arguments apply to TOCs of about 4% reported in both Sites 496 and 497 reports.
An interesting feature of the Guatemalan margin is that although turbidites usually contain more terrestrially derived plant remains than are found in the nearby slope sediments, as in the Guaymas Basin (Gilbert and Summerhayes, in press) and in the Middle America Trench off Mexico (Summerhayes and Gilbert, in press), we do not see this relationship off Guatemala. We infer that the outer shelf and upper slope areas where the turbidity currents originate (according to biostratigraphic data) do not contain substantial amounts of terrestrially derived plant remains. Alternatively, much of the material found in the turbidites is displaced proximal slope sediment.
CONCLUSIONS
The organic facies of Guatemalan slope and Middle America Trench sediments, and of hemipelagic sediments on the landward edge of the Cocos Plate, are dominated by amorphous material that is derived mostly from marine organisms. These sediments are moderately enriched in organic matter, averaging 1% to 2°Io TOC. The pelagic sediments underlying the trench and on the Cocos Plate are carbon poor (avg. TOC about 0.05%).
The organic facies and richness of these sediments are controlled by climate, drainage, and regional circulation. Guatemala has a small land area with low runoff, so the input of the remains of higher land plants is unusually low. Marine productivity is high, and so is the rate of supply of marine organic material to subsurface waters. As a result, oxygen is low, and substantial amounts of organic matter are preserved on the bottom. An indeterminate proportion of this organic matter probably moves laterally into the sampling area from areas of greater oxygen depletion and preservation located upslope within the oxygen minimum zone.
This sequence has good future potential for oil generation. Currently, it is immature and incapable of generating liquid hydrocarbons. The high ethane values recorded at Site 496 and the downward decrease in the methane/ethane ratio reported at Sites 496 and 497 probably are caused by migration into the section from a mature section at depth (von Huene, Aubouin, et al., 1980) .
